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With the I3,tter p r i n c i p l e ,  we have thus f a r  h,cd only s l i g h t  

success. The reason is  tha t  th is  metbod czil be p r o f i t a b l y  em-, 

ployed only on a i rp l anes  wiicre the other  r e s i s t ances  a r e  s m a l l ,  

s o  that .any reduction i n  t h e  p r o f i l e  drag would have a, decided 

e f f ec t .  II? other  words, any improvement made i n  the f l i g h t  

performeaces by increas ing  the wing loading can be b e n e f i c i a l  

only on aerodynamically e f f i c i e n t  a i r p l m e s ,  i n  the i d e a l  case,  
, 

therefore ,  on the Iti!lying-wing" type, Any a e r o d p m i c a l l y  Less 

e f f i c i e n t  a i rp lane  can not be g rea t ly  improved, as regards 

speed and. economy, even by g rea t ly  increasing the wing loading. 

It  i s  hardly necessary t o  dwell longer on this p r inc ip l e ,  since 

it  w a s  f i r s t  brought t o  great  pe i f ec t ion  iil Cermmiiy, tkough 

without regmd f o x  the landing s:?eed, and was iiitroduced from 

Germany i n t o  a i rp lane  construct ion ir, a l l  other  countries.  

The Second m y ,  n m e l y ,  the  reduction of the landing speed 

without z f f e c t i n g  the  ecoi-iomy ixid speed of f l i g h t  has, from the 

f i r s t ,  given pos i t i ve  r e s u l t s .  I bel ieve %hi.t,t this woy w i l l  be 

found vnluzble f o r  seapl.anes foz  which the niniiiiwfi speed is  

more important thnn f o r  landplanes,  the lmdirrg run of  which ca.n 

be very much shortened by t3e use of br?.kes. The accompanying 

photographs shon n modern form of the slot-ked wing as used on a 

French seaplarie t o  reduce the lc?iiding speed (Figs.  1-2). 

It i s  also conteuplated t o  put s l o t t e d  vings on a i rp l anes  

-to be catwgulted Proi~i  shigs,  i n  order t o  reduce the necessary 

acce lera t ion  f o r  heav i ly  loaded afrFlmes G U C ~  3,s single-seat 

combat plames. 
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Orig ina l ly  the general  adoption of s l o t t e d  wings was 

prevented by t h e  fol lowing obstacles:  

1. General p re judice ,  espec ia l ly  on the  p a r t  of p i l o t s ;  

2. Increased weight, necess i ta ted  by the o r i g i n a l  form 

3. Coaplexity of the win3 s t r u c t u r e ,  due t o  the  o r i g i n a l  

of thc s l o t t e d  wing; 

system of controls .  

Prejudice has not ye t  beer, e n t f r e l y  oveTcorae, ot  l e a s t  i n  

Gerrmny, though it hos been poss ib le ,  by the  introduct ion of 

t he  auto control s l o t ,  t o  simplify the construct ion consider- 

ably and eveii t o  keep  he weight increase of t he  wings within 

nar  TOT I. i m i  t s 

We recent ly  i n s t q l l c d  on a l a rge  a i rp l ane  En auto cont ro l  

s l o t  gear ,  which d id  not  weigh more than 0.84 kg/r-” (0.172 lb./ 

sq - f t . ) ,  0.6 kg/rii” (0.123 Ib./sq,ft.) S e i n g  for t h e  nux i l i a ry  

wing i t s e l f  nizc? tis bc?,lc7J?-ce f o r  t h e  f i t t l r g s  nnd connections. 

The weight of the  a u x i l i a r y  wing or f l ap  alone mas 4.8 kg/m2 

(0,983 Ib. /sq. f t. ) . 

ig 

The p r i n c i p a l  of the auto cont ro l  s i o t  w i l l  be considered 

l a t e r .  I w i l l  si,npLy m n t i o n  now t h n t  the o r i g i n a l  p r inc ip l e  

of t h t  l i f t  of large s l o t t e d  wings has not been e n t i r e l y  dis- 

carded, but ,  as has alrendy been mn-tioned, n o  such importnnce 

i s  nscribed t o  the kndi i ig  speed of trnked! lanCpl,7;nes as t e n  

years  ago. W i t 3  tLe a id  of the cu-to cont ro l  s l o t ,  hcwever, 8 

new landing techigv-e  3 m  been d-eveloped which w i l l  be consid- 

ered l a t e x .  
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3y fa r  the  nost extensive appl ica t ion  of the p r inc ip l e  of 

the  s l o t t e d  wing hns been made a t  the  liping t i p s ,  where t h e  

m x i l i a r y  f laps Imve l i t t l e  o r  nothing t o  do with increas ing  

the  l i f t  o r  reducing the  landing speed, but serve siLiply t o  

maintnin t h e  damping of the a i rp lone  about i t s  longi tudina l  

a x i s  (which i t  loses i n  s t a l l e d  f l i g h t )  even at  very l a r g e  

angles of a t tack .  

shows 'che l i f t  curve f o x  n normnl wing ai2d a l s o  f o r  a s l o t t e d  

wing. The a i rp lane  i t s e l f  f l i e s  at a n  ?,ngle of a t t ack  very 

nenr the  xaximm. If thc a i rp lnne ,  due t o  some disturSance 

(e.&, ~ 7 ,  g u s t ) ,  begins t o  t u rn  i?,bout i t s  longi tudina l  a x i s ,  

the  aiiglc of a t t ack  of the  inner wing % i p  increases ,  while 

that of 'che outer t i p  decrenses. So long as the  zesul-Ling 

angle of a t t a c k  of t h e  iiiner t i p  rerinins under the  c r i t i c a l  

region of  the  l i f t  curve, 01-1 is  well, 8 i n . c ~  the l i f t  incre- 

This i s  i l lustrated by Figure 3, which 

ment CoiInected x i t h  -tic= increased angle of a t t a c k  dwaps the  

r o l l i n g  notion. i f ,  on the cont rary ,  the m4xiriiu:i m g l e  of 

a t t a c k  i s  exceeded, then oily f u r t h e r  increase i n  the  ankle  

of  a t t a c k  causes i?, decrease i n  the l i f t  o r ,  i n  o t h e r  words, a 

negative dniqing which leads t o  autorotat ion vhicli cr?n no 

longer be dmped by conventional a i le rons .  T h i s  i s  il, well- 

known ccuse of ilui:.2erous cr?.shes due t o  st?J:!.ing nenr the  

ground evar s ince the  bcg iming  of cvir?tion. Wi%h th2 s l o t t e d  

wing it i s  now noes ib lc ,  n s  e c s l l y  s c m  from Figure 3,  t o  

:iltzintnin pos i t i ve  Lat era1 dzmping, even at -the mmciiaum cggle 

of a t t a c k  c?,t-tainr?ble :7ith the  aid of e f f i c i e n t  elevotors.  
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It w i l l  be shown l a t e r  th?,t s t t l b i l i t y  i s  imintrzined even when 

the  s l o t t e d  wing i s  s t d l e d .  

The f i r s t  use of the  s l o t t e d  wing f o r  c i le ro i i  con t ro l  in  

s t o l l e d  f l i g h t  consis ted i n  conmcting the a i l e r o n  with the  

forwzrd f l q p  ii1 such rnainer t h c t  the  s l o t  was opened- by the  

dovmimrd def l c c t i o n  of the a i l e r o n  (F ig ,  4) .  This expedient 

m s  never successful ,  hoi~~evcr ,  f o r  -the f o l l o v i n g  reasons. 

E L )  Tlie e f f e c t  YV,S s ccondxy ,  i , e .  , thlere TTPS no pr imary  
s t a b i l i t y ,  becmse  o rd ina r i ly  both s l o t s  j.‘c:rmin 
closed even i n  s tc l lcd  f l igh t .  

p rtz t l y s lugg i sli. 

r;iec?imis.ri m.s t o o  conplcx. 

b )  The f 6 e i  of the c o n t r o l  m s  pr?r t ly  overbalanced nnd 

c )  There wt?s 3. tci>dzncy t o  lose i”l03c11tuii1, mnd the  

In 1927 the Handley P8ge Coinpmy f i rs t  exhibi ted an 

nuxi l inry  wiizg con’crolleb b y  the wind far c e s  tbcnseives. 

The device VP,S the result of r?. l ong  sjrsteiaatic i i ivest igat ion 

of all t he  dcfsc-ts which IIP,,~ bee2 observed i n  the rmch.nnically 

operated s lo - t t zd  niilga. 

on tile following discoveries .  

1. The c u x i l i x y  a i n g  o r  f lap ,  i n  a l l  in te ruedin tc  s tages  

of the  opening grocess ,  must almys asxme such a pos i t i on  w i t h  

respect  t o  the  surrouiiding n i r  fl-ow - t k t  it w i l l  n,fford a 

p o s i t i v e  l i f t .  The r c s u l t m t  ai2 f o r c e  w i l l  then fwilish (z 

component i n  the  Gircctioii o f  thG chcrd of the n3,?,ir_ wing, which 

can be u t i l i z e d  in  v u i o u s  mays f o r  tho nu tons t i c  cont ro l  of 

the  f l ap .  
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2. The beginning of the opeiling process '  can be respec t ive ly  

nccelerntzd! o r  re tarded by it s l i g h t  s n i s i n z  of the lending o r  

t r a i l i n g  edge of the  flap.  In  explanation of both phenomena I 

m y  ndd tha t ,  with the  o r i g i n a l  c ont r o I. s f o r  t 'ne L7;UXiliary 

it wcs altvc?,ys found t h a t  tile slot bcgm t o  open very e a s i l y ,  and 

then sudde-nly developed 3, very grea t  r e s i s t m c e  t o  the  hand levex-. 

A c a r e f u l  insestiigat ion of the  not ion of the  f l a p  showed t h a t ,  

during the  opening process ,  t he re  were intermediate stages at 

vhicli, so  t o  spmk, a i2egzltive Lift was exerted on the  f l a p .  

d f t e z  t h i s  defect  ms eliminated, ai1 air fo;:ce was produced 

whicB bad a coi1st>4nt teiidency t o  opeil the s l o t .  T h i s  f o rce  VK~S 

operct ive cveil at sr.iall angles of ati;ack, whcii i t  wits s t i l l  de- 

s i r a b l e  t o  keep t h e  slot closed. T h i s  seco:id defect  could be 

helped by n s l i g h t  raisiil: of tlie t rpui l i i i ; ;  edge, becwse  the  

negative pressuze on tix upper s ide 02 tile main  wing could then 

coiimuniccte with t h e  lon-er s ide of the a u x i l i a r y  wing. 

When ?,n c7;uto con-trol s l o t  gear i s  t o  be constructed f o r  cny 

given p r o f i l e ,  it i s  necesscry t o  rmke a s e r i e s  of pe l i i i l inary  

wind-tunnel t e s t s .  There have been s o  mmy ffpi?ssableft p r o f i l e s  

t e s t e d ,  however, thh t  they have r e su l t ed  i n  the  nciop'3ion of 

c e r t a i n  stxdcrd types which eiinble n,n approxirnrztely accurate  

design, thus rendering f u r t h e r  experinentat ion uiinecessnry, 

except f o r  al.ding the f i n i s h i n g  touciios. The bes t  shape and 

s i z e  of the  a u x i l i a r y  v;i:ig and tile b e s t  arrcngement x i t h  

respcct  t o  t h e  lec?,ding edge of tile main wiixg m e  f i r s t  deter-  

mined. The bes t  chord f o r  the a u x i l i a r y  wing i s  1/8 t o  1/6 



of the  chord of the main wing, After the  dimensions of the s l o t  

have been f i x e d ,  the  air force  vector  a c t i n g  on the a u x i l i a r y  

wing i s  then deternined (Fig@6).  For ;._mking these  t e s t s ,  small 

holes  a re  made a t  shor t  i n t e r v e l s  along the contour of the  

a u x i l i a r y  wing xnd m e  connected with a manometer. The i;lctnometer 

i s  of t he  so-called %iulti tubeti  type and enables the siiilultmleous 

rending of all the  pmssures .  The pressures  a r e  r.leasured with 

both closed and wide-open s l o t s  throughout the whole angle-of- 

t?,ttcck range. Noreover, a pressure measureneiit i s  general ly  

nade mi-th the  t r a i l i n g  edge of t he  a u x i l i a r y  wing s l i g h t l y  

ra ised,  The :zewured partial pressures  enable the  de te rn ina t ion  

of the resu1tF.n-t vectoxs,  nhich am p lo t t ed  i n  a polar d i ag rm.  

Fror.1 this diagram a31 tiic d a t a  on the nagiiitude and d i r e c t i o n  of 

t he  fo rces  required. f o r  the design and s t a t i c  conputations can 

be deteruined. Tho design of a su i t ab le  mechanism O i l  the  basis 

of these data o f f e r s  no d i f f i c u l t i e s .  Them ore  two t y p i c a l  

raechmisns f o r  t h i s  purpose, imixely the  l i n k  ncchanisir? and the 

s l ide  aechanisi-2. Figure 8 shows Q4il exc?;iple of the  l i n k  mecha- 

nisn.  Gcii?crfi.lly there  are t h ree  pairs of l eve r s  provided f o r  

opemt ing  the  c u x i l i c r y  wing znd these a re  conilected w i t h  one 

m o t h e r  by il, torsioi1a41 equal izat ion shaft, i n  order t o  insure 

m i f o r n  opening of  the  s l o t ,  

Figure 9 shows an exomsle of -1;Be s l i d e  aechanisn. The 

use of a s t r a i g h t  guide rail  allowed il, too  sudden opening o r  

c los ing  of t h e  s l o t .  T ' i i i s  object ion m s  obviated- by using a 

bent ra i l ,  which r?lso 'offered l e s s  r e s i s t m c e  aiid presented a 
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b e t t e r  cppenra-icc. This device n l s o  e. l ininnted all e 

f i t t i n g s  mid levers.  

*The question i?s t o  tahe-bher t h e  auto con t ro l  s l o t  meets 

the  rcquireuents  o f  l a t e r a l  s t c h i l i t y  i n  s t a l l e d  f l i g h t ,  ix,y 

now be consid-ered 2s mswered, since i t  kas been instr?l led 

on 5 l u g e  number of a i rp l anes  i n  widely sepnrnted count%ies. 

It is  noteworthy and s u r p r i s i n g  that tiic: ln , te ra l  damping s t i l l  

holds f o z  angles of a t t a c k  at which the  i io rn~, l  s l o t t e d  win,- 

nlrecdy burbles.  This f a c t  was f i rs t  observed i n  au toro ta t ion  

t e s t s  iii tviild tunnels,  The expcrinentnl  r e m l t s  a r e  given i n  

the  B r i t i s h  r epor t ,  3.& 11, No. 929. It wi?s found thc t  c wing 

provide6 with slots at  t h e  t i p s  has 5, p o s i t i v e  l a t e r a l  dmping  

up t o  40’ ~7,ngJ.e of at-tack mid values of u/vrwcO.l. On the  con- 

t r a y ,  s l o t  s running c lear  throuzh be’nme l i k e  norucl p r o f i l e s ,  

i .e ,  , they f a l l  i n to  au toro ta t ion  i m e d i c t e l y  a f t e r  the  begin- 

ning of the separat ion of the boundary layer .  I hcve found 

t h i s  behnvio-r of wings provided with s l o t s  near t h e i r  t i p s ,  a s  

observe& i n  the wind tunnel ,  c l s o ’  con f i rmd  i n  prccticce. Dur- 

ing  the  pas t  yeor I made a s e r i e s  of t e s t  f l i g h t s  i n  Jzpan with 

a Woth” i7,irplane, which w a s  equipped with Handley Page s l o t t e d  

wings. In these f l i g h t s  I deternined tile d i r e c t i o n  and m@.- 

tude of  the veloci’cy vector i n  a13 phases of sti?,lled f l i g h t  

with a spec in l  instrumznt , invented by Professor Tacmru of 

Tokyo, which he yrnciously plcced. at my d isposa l  f o r  tile t e s t  

f l i g h t s .  T X s  iiistrw-lent cons i s t s  e s s e n t i a l l y  of n, snall brass 



9 

cyl inder  of p,bout 22 m-i (0.57 in ,  ) clianeter,  which has t h r e e  

rows of small holes  (Fig.  10) .  Tliesa w e  conxiected s e p r a t e l y  

with p1-essure recorders.  F~ol:! t he  recorded pressures  the  

ve loc i ty  mid m g l e  of a t tack  can be e a s i l y  deternined. The 

ii1s-i;rurncnt WLS noixnted far eliough f rori  the wing t o  eavoid t h e  

e f f e c t  o f  thc circulP"t ion. A rough ca l cu la t ion  shows t h F U t  the  

c i r c u l a t i o n  about the wing does n o t  d i f f e r  from the  nensured 

5,iigle of  at-tnck Sy nore than +lo.* FiF;ure 11 shows a record,  

by t h i s  i n s t r w e n t  , of r7, so-ct.,lled l t s ~ p ~ r s t a l l .  I f  It 

shows tl1rs-t an  angle of  c t t ack  of about 37' could be maintained 

f o r  about half  e minute. The shortness of the  t i n e  w a s  Ciue 

sir-iply -to the  simll circuiferencc of Lbe recording duw-1 and- t o  

the c?,,l.-i;itude, r7,s -the s ink iag  speed W,S c o n s i d e r ~ b l e .  Tbis 

p i l o t ,  Dr, 

Lachiaim; o3servsr , T. Fuj imoto. Avia-tion f i a l d ,  Tnchilraw,?, 

PV2 = c J 2 ( P 2  - P, )" + 0.95 (P2 4- P,)2 

P, = (Pa - PB) PiLuPB = pzeaswe  nt h and B 

F, = ( P ~  - pC) 
c = Constai1t = n01. 

P,UP = pr~.ssurc: e,'c 8 c?,nd C i c  
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After we 'ni?,d succeeded i n  s a t i s f a c t o r i l y  rmintnining 

l a t e r a l  s t a b i l i t y  i n  s t c l l e d  f l i $ i t  w i t h  th;: aid of 

cont ro l  s l o t ,  the  next s tep  w m  t o  improve the  m t i o n  of the  

a i l e r o n s  and control  at la rge  angles of a t tack .  

T h i s  was irqmrtaii t ,  especial ly  f o r  the use of t he  auto 

cont ro l  slot i n  n i l i  t nry and stunt f l y i n g ,  whe r e  it i s  des i red  

t o  p r o f i t  by the reduction of  the  na tu ra l  l a t e r a l  d-amping on 

the conventional p r o f i l e  i n  the  performiice of c e r t a i n  s t u n t s ,  

such as the f l a t  sp in  o r  s t c l l e d  turn.  This s tun t  i s  iiatu- 

rally inpossible  with slottecL-wing a i rp lanes ,  f o r  which the  

l a t e r a l  dxiping p e r s i s t s  evein at lni'ge angles of a t tack .  
* 

Thc a i l c r c n s  re tn i i l  ain adeqwte  efZectiveness on s lo t ted-  

wing airpli. < nes i n  s t a l l e d  f l i g h t .  z i rp lane  na tu ra l ly  

responds nore s lowly  t o  the cont ro ls  than at  higher f l i g h t  

speeds, and, provided there  i s  i10 d i f f e r e n t i c l  ac t ion  of  the 

ai leroi ls ,  the 3d.J-e 1' S e ::L?ome.i?-C s of  nalcc t hen s e l v  e s i nc r e as- 

ingly f e l t  and necess i t a t e  the  sinultaneous use of the  rudder. 

The obvious th ing  t o  impove the a i l e r o n  contr ol by 

the  a r b i t r a r y  regula,tioil of t'ne lnteral dnqiing, i. e. , by 

reducing o r  e n t i r e l y  eliu.iiilcsting tke slot e f f e c t  on the s ide  

of the r i s i n g  a i le ron .  TWO d m i c e s  lmve giveiz prnc'sical  

r c s u l t s :  

a) R device,  i n  which the c i l e r o n  i s  s o  conii_ected with the 
auxilip,ry wing 'chzt, vheil the former r i s e s ,  the s l o t  
i s  reduced o r  closed; 
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Figxre 13 represeil ts  the  p r i n c i p l e  of the in te rceptor .  

This i s  so cont ro l led  by the  a i l e r o n  tBr? t  it simpZy r i s e s  

and c loses  the s l o t  when the  a i l e r o n  r i s e s  w i t h  the s l o t  open, 

A t  firs-t glcnce t h i s  device s e e m  very siiilple and obvious. L ~ S  

a r x t t e r  of f a c t ,  i t  required ~ 1 ,  Xonc s e r i e s  of systemr?.tic in- 

ves t iga t  ions t o  discover thc  n o s t  e f f e c t i v e  n&mgerient End. 

the  bes t  t r ansn i s s ion  r a t i o  between the  riiotioas of the  in te r -  

ceptor 2nd the aileroil .  1-t ;7as found necessr?,ry t o  place the  

in t e rcep to r  a t  t i l2 t r c i l i n g  odga of t h e  n u x i l i m y  wing (with 

open s l o t  1, which coi:iFlic?,tod tk\= control  aechmism, because, 

with ‘chis arrangement, -the auxi l i>dry wing covers the  in te r -  

ceptor wlien the slot i s  closed-, SO ‘c’nct, i n  this pos i t i on ,  

the  not ions of t h e  in t a rcep to r  w e  au-bonaticnlly eliminnted. 

Since tiiere i s  but l i t t1.e l a t e r a l  leeway f o r  opemt ing  

the  a i l e r o n s  when the cont ro l  s t i c k  i s  pul led  cler?r hack, it 

was f omid. necessary t o  incrersse g r e a t l y  the  t r ansn i s s ion  ratio 

of the in te rceptor  s o  tIirut i t  would be f u l l y  def lec ted  by only 

a smll  de f l ec t ion  of  the  a i l e ron .  The l a t e r a l  cont ro l  .ob- 

ta ined  w i t h  t h z  hclp of t he  in t e rccp to r  i n  s t a l l e d  f l i g h t  i s  

SO e f fdc t ive  and sharp thzt one i s  ct f i r s t  inc l ided  t o  over- 

do it. The following naneumr i s  c spec ic l ly  in-pressive. The 

rudder i s  s t rongly de f l ec t ed  i n  fully s t c l l e d  f l i g h t .  The 

a i rp l ane  then goes p r O E 1 p t l y  on t h e  inner miilg and begins EL 

s teep  s p i r c l .  Through -the s l i g h t  y ie ld ing  of the  s i l e r o n ,  

which i s  connected with the  in t e rcep to r  on the  outer  wing t i p ,  
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there  i s  an instnntaneous dttzpiilg and r e tu rn  t o  t he  norxml 

a t t i t u d e ,  even though the  rudder rcuains  def lected,  

Figures 11 - 16 show il general  c o q x r i s o n  of t he  t h r e e  

systens,  

a) h t o  cont ro l  s l o t ,  

b )  Aileron cont ro l led  mxciliary wing o r  f l a p ,  

c )  Autonatic s l o t  and in te rceptor ,  

c s  r ezmds  t h e i r  e f f i cacy  i n  daq3ing an i n t e n t i o n a l  o r  w i n -  

ten t io i ia l  r o t a t i o n  of t h e  a i rp lane  about i t s  Longitudinal axis.  

Let the asswied a i rp l ane  be i n  the otn l lcd  at 'titude ( a  = 20')  

and t h c  angular r o t c t i o n  speed he the  smie i n  a11 th ree  cr?,ses, 

as a l s o  t h e  s i z e  and d3f lec t ion  of thc  ai leron.  A t  the  wing 

t i p  t, there  m i l l  nccordingly be mi angle of a t t a c k  a + 6a 

and a t  the wing t i p  t, an itnglc a - &a A c r i t e r i o n  i s  

thus obtained f o r  tlitt xol l i i i s  Eo;:Iei1'cs by tck ing  the d i f fe rence  

betneeii t h e  l i f t  v~,l.ucs pdt  t k  two wing t i p s .  In t h i s  vsc?,y w e  

obtp,in the liile d - ii, e,g. ,  c:s the c r i t e r i o n  f o r  the e f fec t -  

i ve  r o l l i n g  iaornent of an ordin?,ry auto;mtic s lo t t ed -  wing, the 

l i n e  d - g f o r  tlie a i l e r o n  coiityolled c u x i l i n r y  wing niid 

d - k f o r  t k  intercei3tor cont ro l led  auto c o n t r o l  s lo t .  The 

sane ne-khod applied. to -the d x q  curves (Fig. 15) y ie lds  a 

c r i t e r io i i  f o r  the an t i c ipn ted  nomn-ts of yam. 

Last ly ,  Figure 16 s k m s  the  resul t  of t he  inves t iga t ion ,  

whcreby -the airplane-fixed- noneiit vec%ors m r e  f iii?dly ob- 

ta ined  f r o x  the  o m s  f i x e d  with rcspec-i; 'GO -the air. (The f ixed  
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sys t ea  of a i rp lane  axes i s  thereby nssw,ied t o  be pc?,rallel and 

perpendicular t o  t h e  wing chord. ) 

T h i s  conparison shows the  supe r io r i ty  of t he  interceptor- 

equipped wing over the o the r  two s y s t e m ,  os regards both the 

r o l l i n g  and yawbig moments, which, moreover, i n  a11 t h r e e  cases  

t u r n  i n  the r i F $ i t  d i r e c t i o n ,  ii.rtmely i n  the s a i x  d i rec t ion  afi the  

co r  r e spondiiig r o l l i n g  nonent s . 
P i l o t s  oftei? hold t h e  opinion th?*t th ick  p r o f i l e s  do not 

require  any special  a id  t o  ;;iai:itaiii the  In t e rn1  dmping  i n  

s t a l l e d  f l i g h t  sild tha t  thc s l o t t e d  wing i s  themfore  adapted 

only f o r  use on t h i n  and n e d i m  p ro f i l e s .  As a nz t t ez  o f  f x t ,  

separat ion takes  p l w e  on th ick  ?Tofiles the sone ns  on t h i n  

ones, though at sonewhc?,’c g rea t e r  m g l e s  of a t tack .  

The reason namy n i z p l m e s  seen t o  pzeserve t h e i r  l a t e ra l  

s t a b i l i t y  i n  stalled f l igh- t  i s  due t o  the f a c t  -)Chat they  can 

not  be s ta l led-  s inp ly  by pul l ing ,  e i t h c r  bemuse the horizon- 

tal t a i l  surfaces  a re  t o o  sim11 o r  bzczuse %he ef f ic iency  of 

the eleviltor i s  di;zzinis’ned ~ , t  the  c r i t i c n l  angle of at tack. 

This assext ion  i s  coiifir:xd by Figure 17 ,  which sho.llis t he  

resu l ta i i t  longi tudina l  noncn%s f o r  d i f f e r e a t  pos i t i ons  of the 

s t a b i l i z e r  mid e leva tor  oil c well-knoxi  can t i l eve r  nonoplaiie. 

In ell cr7,ses t h e  noaents are based on the  n o m a 1  C.G. of t h i s  

type. Figure 17  shows tBnL a naxiaui  nngle of a t t a c k  of 

14 - 15 can be a t t a i n e d  n i t h  -)Ch;;. imximm incidence of the  0 

stcg;bilizer m d  e3.evator. The c r i t i c a l  angle of attack can be 
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rezched only by abriorxiial t r i n n i n g  and excessive l e c t i o n  of 

the  elevator .  The au to  cont ro l  s l o t  has nothing t o  do h 

t h i s  paradox, according t o  which grea te r  s a fe ty  i s  a t t a i n e d  

through disiinished c o n t r o l l a b i l i t y .  

docs not make an a i rp lnne  s tn l l$roof ,  but it enables the 

execution, naintencnce ond u t i l i z a t i o n  of s t a l l i n g ,  as P" safe  , 
continuous f l i g h t  condi t ion,  through the  rmintensnce of t he  

The auto cont ro l  s l o t  

i ng  mid the  prevention of un in ten t iona l  spinning. 

I n  this way stnllcc! f l i g h t  l a s t  -the dread, which imd clung t o  

it f r o a  %he beginning of avintion. The idea of a c r i t i c a l  

xiinirmix speed, t h e  2.ppronch t o  which nl?!res f l i g h t  dangerous, 

hr?s h i t h e r t o  been pecul inr  t o  the  ;;irplane alone. Of all 

other  vehic les  it x + y  be s.r,id 'ch?.t the  sa fe ty  i s  inversely 

propor t iona l  t o  t l i e  specd.. The object of the auto con t ro l  s l o t  

i s  t o  muke t h i s  p r i n c i p l e  appl icable  t o  a i rp lanes .  The purpose 

i s  not therefore  t o  c r e a t e  mi c r t i f i c i a l  speed l i r - l i t  i n  t he  

s u b c r i t i c a l  por t ion  of the p o l m  by d-iminishing the  e f f ec t i ee -  

ness  of tlic ccn t ro l s ,  as i n  a n s t a l l p r o o f f l  a i rp l ane ,  but t o  

e f f e c t  the  g rea t e s t  poss ib le  extension of t h e  lower speed 

l i n i t  and t o  insure the  safe ty  of f l i g h t  i n  the  s u p e r c r i t i c a l  

por t ion  of the polar.  

The pra.ctica1 r e s u l t s  of t h i s  p t i n c i p l e  a r e  p a r t l y  

prirmry, i?amely the e l i n i n a t i o n  of  acddents due t o  loss of 

speed and- unin ten t iona l  spins et low a l t i t u d e  and p a r t l y  

secondary through f a c i l i t a t i n g  -the landing of an aerodymfii- 
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i c a l l y  e f f i c i e n t  a i rp l ane  i n  a, f i e l d  surrounded by obstacles.  

A good f ineness  rr-?-tio i s  an advmitctge f o r  the economy 

of f l i g h t  and a disadvaiitnge i n  1andi.ng;. 

( L / D )  

FigSure 18 shows the phases of an  average landing over mi 

obstacle.  Let c represent  the  f ineness  ratio. Theiz 

3. 
s 1 € = (€3 - 11') -' 

and f o r  t w o  a i r p l a n e s ,  d i f f e r i n g  s i a p l y  i n  %;heir angle of g l ide ,  

the  d i f fe rence  i n  the t o t a l  landing dis-k,ncc i s  

Figure 19 shot'~s the  reduction iii the  l eag th  of g l ide  and 

a l s o  the reduction i n  the t o - h l  l?m.ding c?istc.,nce, as made possi- 

b l e  b y  the  impairncnt of  the fiiileness r a t i o ,  the  cssumptions 

being 

(9.84 f t . ) .  

= l  - and hi ( level l ing-off  a l - t i tude)  = 3 ni 
E l  9 

For henvily loaded m d  nerodymmicnlly e f f i c i e n t  n i r p l a m  s , 
-khe bes t  f i neness  ra t io  occurs at l m g e  l i f t  c o e f f i c i e n t s ,  so  

th'n(?,t f u r t h e r  increase i n  the  angle  of ~7,ttack i n  the  sqibcrit ical  

region of  tiis po lz r  cc3uses no  considerable impcirment of the  

angle of glide.  The ca vnY-ue corresponding t o  the b e s t  f ine-  

ness  mat i o  x-esult s f rort %he condition t h p , t  the induced dr3.g 

equals the  rermiiiing drag. If we put 

of the resaii i ing drag)  € o r  a modera cozxiercial a i rp lane  and 

adopt an aspect i -nt io  of  h = 7 ,  we obtain from 

= 0.04 ( c o e f f i c i e n t  cb 

= 0.04 - ca 2 
W i  n* h 

- C 
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t he  c~. value 0.94 and 

0.94, 

0.08 
- - = 10.65. 

Sepnrr_?tion of the boundary l aye r  begins between cc = 1.2 

and 1.3 

t o  diciinish a t  that point .  F l igh t  i s  therefore  unsafe i n  t h i s  

region, i f  it i s  poss ib le  cl% a l l  tLroug3. pu l l ing .  This exangle 

sliows how norrowly r e s t r i c t e d  i s  the rang2 of g l ide  w i t h  sa fe  

l a t e r a l  s t a b i l i t y  a f t e r  t h a  bes t  f ineness  r a t i o  i s  exceeded, 

I f ,  O i l  the otlncr hnnd, a wing equipped wi th  s t a b i l i z i n g  

s l o t s  c’i; i t s  t i p s  can r e t a i n  i t s  l a t e r a l  s t a b i l i t y  at angles 

of a t t a c k  of 25 t o  30°, the  p r o f i l e  drag i s  then irmensely 

increased by the  separat ion of the flow, nnd s l i d i n g  aiigles 

on  011 t h i ck  p r o f i l e s  and the l a t e r a l  daiping begins 

of 1/4 t o  1/3 ccm be attained-,  whereby the g l id ing  speed i s  

’ approximte ly  of t h e  order of riiapitude of thc ninir;luin speed, 

Stc.lling t o  such a ln rge  angle of c7,ttack can be e f fec ted  by 

gr nduel ’c hr o-t t 1 ing 2nd s irxult eneous ly gr cldual pu l l ing ,  without 

ser ious changes i n  the a t t i t u d e  of the cir-glaiie. 

O f  course i t  i s  n o t  geiierclly possible 30 gl ide  so  iiear 

the  gromd,  because the  sinking spced i s  too great  and the re  

i s  no reserve l i f t  f o r  lievelli-iig o f f  and res-ming hor izonta l  

f l i g h t .  The lmiding must take place as showii i n  Figure 19. 

The airplrsne Glides n t  f u l l  ~ - t t ? , l l  t o  the point  A. Then t 3 e  

angle of cattack is grea”cy reduced by pushing (and poss ib ly  
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by giving inore gas) ,  s o  that the  point  3 i s  reoclied at norrial 

g l id ing  spezd which enables %Be coiiventional l e v e l l i n g  o f f  and 

continued f l i g h t  a t  grcddually diminishing speed. 

T'nc r e q u i s i t e  acce lera t ion  a l t i t u d e  mid time are e a s i l y  

uiderest inated.  The following exmple w i l l  show how t o  e s t i -  

mate thai. 

cw = drag coe f f i c i en t  w i t h  the  s u b c r i t i c a l  ca value and 

angle of a t t a c k  correspondin$; t o  the f ineness  r a t i o  c2.  

Y = air  d-eiisity (assuied t o  be coiistant). 

V = speed a t  the h g i n n i n g  of the  acce lera t ion  at 3, 

v1 = speed at n o ~ i ~ ~ . l  Gliding f1ig;hG. 

g = grcvi ty  cons-tzn-t. 

0 

The d i f f e r e n t i a l  equnti,oiI Tor %%e acce lcrn t ion  process i s  

the in tegrn t ion  y i e lds  the foll.owing xesults: 



b) Spsed 

c )  Length of g l ide  

In cos (t + C  ( 3 )  
1 
b 

S =  J v ‘ d t  = -  

and, a f t e r  the  in t roduct ion  of t from Equation (1) with the 

18 

( 2 )  

considernt ion 

rind 

Exoa-~ lc .  - The f ol loxing 5otn were ob ta ined f r o r  f ligh-b 

nensurcnent 8 f o r  a, ~ii~eZl--k~~o’~:m ty2e  ( cormercinl nonoplane with 

can t i l eve r  wings). 

55 kg/u2 (not  fully lor?ded-). 

0.1, 

28 n/ s ( e st ir-iat ed) 

36.2 ia,/S, 

1/3 (est imated) .  

Results 



on the  skil l  of -bhc p i l o t s .  iioreover , urz?_dLerestii!tion of the 

scce le rn t ion  a l t i t u d e  mans sirxply a lengthmlng 02 the  la,nding 

f l i g h t ,  vrkilc? i n  -the event of overesti-;lc?,tion, t he  occe lerc t ion  

can bc iilcreased by giving ii2OYC gas. The chove cc lcu ln t ions  

have t o  do wi%h a i i p l n n e s  which a - e  s i a F i y  provided with 

s t a b i l i z i n g  s l o t s  nea,r -the wiag tips. 

K i m  a s l o t  extcndiiig -t:_lrou%%out the  whole spnn i n  coiinec- 

t i o n  wit11 l i f - b  incrcnsinz wing f lays  i s  used on sizplniics of 

not excessive win;. londiilz;, the s i ak ing  spew.? cnd the k i n e t i c  

ener;;y in.  i?. s teep  g l ide  of &bout 13 - 15" ?,re srm11 enough 

, t o  be n'3sorScd by o i l  shock &sorbcrs  ; ; I i t h  13ilgt'nened trp-vel 

of spr ii-g. 

Figure 2 1  shons the n i r j l z n e  b u i l t  by t be  Handley Page 

Coxpmy f o r  t hc  Daniel Guggenheii.1 Safe ty  Contzst , which r a t e d  

on ly  oiii: po in t  below the  Cur-hiss IfTsnager, also equi:pped w i t h  

an a u t o m t i c  c l o t t e d  wing. The Haildley Pc?,ge nirplane h?.s an 

ccLUtomotic wing f l n p ,  which i s  connected with t h e  a i l e r o n  i n  

such n mny t h p - t ,  when it  i s  r c i s e d ,  it depresses the  a i le ron .  

The p r i n c i p a l  c h a r a c t e r i s t i c s  F a d  pcrfomances of the Hmd-ley 

Page I' Giignuiic If @re c s  f o l l o v ~ s .  

We i @-k erap t y 619 kg (1354.66 lb. ) 

Load 356 (784.84 'I ) 

Weight londed 975 (21413.50 ) 

(294.93 sq,ft .)  2 Wing r?rea 27.4 m 

IIonzoo s e engine 150 hp, 
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181 kn/h (112.5 c i i , /hr . )  vrfiPdx 

vrLi i n 54 It ( 33.6 ) 

The siiilring speed i n  s t a l l e d  f l i g h t  with the  slot open i s  

only obout 4 t o  4.5 m/s (13 t o  14.8 f t , / sec , )* .  Since the  

lond-ing g e m  i s  constructed ascordingly,  it i s  possible  t o  

descend at f u l l  s t d l  f r o n  m y  a l t i t u d e ,  R manner of landing.  
9. 

which rmke S prac t  i cn l ly  no demnd s on the  skill of the  p i l o t .  

"Flying neans landingIt nccording t o  the celebrated dictwa of 

S ieger t s ,  tiic:refore, -that t h i s  t rnnsfornct  ion of 

landiiig i n t o  a coxfortable  parachute-like descent and tile 

c on s e que 11% s i a p l i f i c n t i o n  of should e nab 7. e ij, no I: e 

extensive cdoption of t he  a i rp lane  i?s n pr iva t e  vehicle. 

Tronslation by D w i @ t  Id. Xiner , 
Nationnl Advisory Comiit-be 
f o r  Aeronautics. 



Daniel Guggenheim 
eafety aontest 

raoord of 

corders during a 

with Cirrus Mark IP 
engine. Taohikawa 
aviation f i e l d  near 

the 3 pr€3asUr8 re- 

Tokyo, Japan c 
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Figs. 3,4 

40 

0 
d 

Fig.4 Auxilizry wing coi;tsolled. by t h e  a i l e ron .  
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B l o t  c losed 

0 

Fig.6 Direct ion of t he  rzsu l t2k t  air f o r c e s  on L?. s l o t t e d  

magni'cud-a. 
. (The vzc tors  - only inii icatc d i r e c t i o c  ?.;id not 
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S l o t  

Figs. 7,8 

Fig .7  Polar d-in;rnn o f  t k  rosultniit s i r - fo rce  v2ctors  oil t hc  

znd wi thout  dLg3 or” tim cuxi l i?  
miiig . ) R. A .  F .28 aiiig s o  

m.xxiliwy v i i q  --.it11 s l o t  opcn and r r i t h  i t  closed(vrith 
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B a1 L?s nrr 

F i g s  .9,10,12 

Fig.9 Sliding ncchnaism 

Fig.10 Tai:?uru’s iiistruiwnt for &tzn : in ing  the  speed and 
d i r e c t i o n  o f  f l i@.t .  

0 10 20 30 40 
se c. 

Fig.12 In te rprd ted  record of t h e  spoed and angle of a t tack 
during a st2ad-y stc?,lled glidu?. 
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Fig .  13 P r i n c i p k  of  t h e  ~ " i l ~ r o n - c o i i t r o l l ~ d  intErccptor .  

i m t i o i l  o f  tha  in t s r c2p to r .  
Closing tb.2 s l o t  a,utomcticp,lly c l i n i n c t e s  t h e  
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I I I I I  L I 
0 4' 8' 12' 16°200 24' 

cl 

A ,  Slot  open, ?!i lcron d l o m  3, S l o t  open, aileron up 
I t  

D, c h s e d ,  I t  

Fig.14Course o f  the  l i f t  coc f f i c i sn t s  Fig.15Drag coe f f i c i en t s  

dauping of  a r o l l i n g  not ion o f  thz air- thi? l i f t  curves i n  Fig.14 
plane i n  stcllsd f l i gh t  .Tha curves (Notation same as i n  
correspond t o  the abovc conditions.  Fig, 14) 

closed,  'I I1 It  c losed ,  It I t  F ,  
m:iltrc7,1 G ,  In te rcsp tor  in posi t ion,  

B, 
c ,  Open, 

c i l e r o n  up. It 

at t h e  ning t i p s  f o r  i n t en t iono l  corresponding t o  
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/ 

I 
/ 

I 

I 
/ 

I 

i axes fixod 
I n i t h  respect  

"'to fuselzge.  
I1 

I 
Fig.16 CorLparison of r?sultc?nt noaent vectors  f o r  tbreo 

d i f f e r e n t  or imgcncnt  s . 
I . Auxilipxy 7,Tiiig coi l t rol led by c i l e r o n .  

11 .Auto cont ro l  s lo t ; (  iwt c o n x c t e d  -rith ailcroi?) 
111. 'I II If (:7it;i in tz rccptor  actucted by cilcroil.) 

2 

S t a b i  1 i z c  r Elevnt o r  
1 s2t t ing de f l ec t  ion  

0 
P, ) -40 ' -8' 

C )  -40' -25' 
b) -40' -1-6 

$. ML d ,  -2' -20; 
e ,  -6' -20 0 

-1 
CP 2 0  4' 6' 8' 10°12?140 18 18' 

d 
Fig.17 Longitudinal r-ioncnts dctcrixiixkd i n  the ?,-rind tunnel f o r  the 

various cnglcs o f  se t t i i ig  o f  t he  s tpubi l izzr  m d  s l cva to r .  
nodcl o f  c -.-:ell 1:iior-rn D,irplr?ne T,-ith c7,iztilever --rings zt 
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S,, g l i d e  S4, laacling pkese 
S2, l e v e l l i n g  o f f ,  35.  

. 

Fig.19 Larldiilg fro;il i? s t a l l e d  g l i d e .  
S '  , s t a l l e d  g l ide  
S" , pushiilg at  small ai>z,"le of at tack  
S" '+S: ,  acce lera t ion  (coniparc Fig.18) 
h acce lera t ion  a l t i t u d e  p2sai1~1e of  g l ide .  
s ,  diste.nce. I t  
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Fig.20 Redxctions i n  t o t a l  landing dist2,iice due t o  l e s s  
e f f i c i e n t  f i nes s  r a , t i o s .  


